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Introduction ©
Taiwan's exchange-traded funds (ETFs) trade differently from equities primarily in transaction taxes and in their applicability to short-sale restriction. Such reality provides an opportunity to investigate how trade rules or requirements in a same exchange environment affect the volumereturn relationship. While empirical research is used to studying only one class of financial product in a market at a time, this paper simultaneously examines the volume-return relationship in Taiwan's ETF and equity markets and contributes to three aspects: (1) outlining the volume-return relationship for both the ETF and equity in a vital emerging market; (2) retesting the various hypotheses for volume-return relationship; (3) providing valuable evidence for Taiwan's financial market whose regulator and participants are currently considering and arguing the necessary reform for enhancing this market's momentum.
A Wall Street adage goes that "volume is relatively heavy in bull markets and light in bear markets," which indicates a so-called asymmetric relationship between volume and signed returns (price changes per se). Such asymmetric volume-signed return relationship is often observed in equity markets where the volume on a price rise is larger than that on a price decline. In fact, numerous empirical studies on equity markets find an asymmetric trade volume-signed return relationship which is demonstrated, implicitly or explicitly, by a positive correlation between volume and signed returns © Jung-Chu Lin, 2016. Jung-Chu Lin, Associate Professor, Department of Banking and Finance, Takming University of Science and Technology, Taiwan. (Chuang and Kuan, 2005; Epps, 1977; Hanna, 1978; Harris and Gurel, 1986; Morgan, 1976; Richardson et al., 1986; Rogalski, 1978; Ying, 1966) .
The "costly short-sale hypothesis" is proposed to explain this asymmetric effect in equity markets since the presence of a short-sale restriction makes a short position in this market more costly than a long position (Jennings et al., 1981) and hence results in smaller volumes on price declines and in decreases in the variance of intertemporal shifts in transaction supply relative to that of transaction demand (Karpoff, 1988) . These in turn result in a positive correlation between volume and signed returns which indicates an asymmetric volume-signed return relationship.
If the "costly short-sale hypothesis" holds true, the above asymmetric volume-return relationship should not be found in futures markets where the costs of assuming long and short positions are identical. In fact, early studies on various futures markets document no positive correlation between volume and signed returns (Karpoff, 1988; Kocagil and Schachmurove, 1998; McCarthy and Najand, 1993) . They find instead a positive correlation between volume and "absolute" returns, which does not necessarily indicate a positive correlation between volume and signed returns. However, recent studies, e.g. Moosa et al. (2003) , Puri and Philippatos (2008) , and He et al. (2014) , find exceptions to this conventional non-asymmetric result from futures markets. Puri and Philippatos (2008) demonstrate that interest rate and currency futures on the London International Financial Futures and Options Exchange (LIFFE) exhibit an asymmetric volume-signed return relationship characterized by significantly larger volume associated with negative returns than with nonnegative returns. He et al. (2014) find a positive correlation between volume and signed returns, i.e. an asymmetric volume-signed return relationship characterized by significantly larger volume associated with non-negative returns than with negative returns, in China's agricultural commodity futures markets. Even in equity markets, several studies (Brennan et al., 1998; Chordia et al., 2001; Wood et al., 1985) provide evidence of a negative asymmetric volume-return relationship in which volume on a price decline is larger than on a price rise.
Compared with the "costly short-sale hypothesis" in explaining the asymmetric volume-return relationship, information models that consider "the dissemination of information" or "the heterogeneity of traders" appear to provide a more rigorous explanation for some of the observed results. In the early literature, two main hypotheses regarding the dissemination of information are the mixture of distribution hypothesis (MDH) (Clark, 1973; Epps and Epps, 1976; Harris, 1986; Tauchen and Pitts, 1983) and the sequential information model (SIM) (Copeland, 1976; Jennings et al., 1981; Jennings and Barry, 1983; Smirlock and Starks, 1985) . The MDH assumes that new information arrives to all market participants simultaneously and hence implies an instantaneous adjustment to final equilibrium and a significant contemporaneous correlation between volume and signed returns. The SIM, on the other hand, postulates that information arrives to traders sequentially and hence implies a gradual adjustment to full-information equilibrium and a positive volume-absolute return correlation. Although the MDH tries to accentuate the leading role of returns to volume, this hypothesis hardly indicates any intertemporal relationship between volume and returns, which is nevertheless implied in the SIM.
In the later literature, information models that incorporate heterogeneous traders with asymmetric information, i.e. informed and less informed or uninformed traders, have gained importance in explaining some of the observed volume-return regularities. In the dispersion-of-beliefs model outlined by Daigler and Wiley (1999) , Harris and Raviv (1993) , and Shalen (1993) , uninformed or less informed traders who cannot distinguish a random liquidity demand from the fundamental changes in demand and supply contribute to a greater dispersion of beliefs and the subsequent excess volume and volatility. This model believes that the dispersion of beliefs has a positive link with both price variability and trade volume and hence drives the subsequent positive volume-volatility relationship. Since the uninformed traders do not have linear unbiased expectation conditioned on the incoming information, price declines add to greater dispersion of beliefs and relatively larger abnormal volume on negative returns bringing out a negative asymmetric volume-signed return relationship. Likewise, in the dispersion-of-information model by Blume et al. (1994) , the two groups, i.e. informed and uninformed traders, receive a signal from a common source, yet their dispersions of information are different in the sense that the traders in each group have a different precision or "quality" for the signal. Since under this information structure traders in group 2, the uninformed traders, do not know the signal precision, they look for additional information contained in volume which leads to two important propositions demonstrated by Blume et al. (1994) : (1) both volume and price convey signals to the market where volume conveys the signal quality and price conveys the signal quantity, resulting in a volume-return relationship which is determined by the quantity and quality of information available to traders; (2) under certain conditions of the signal precision, volume behaves as a convex function of price and hence the volume-return behavior is asymmetric. In general, these later information models provide justification not only for a contemporaneous relationship between volume and returns but also for the asymmetry present to this relationship.
Over the past few years, ETFs have grown in size to reach over US$2 trillion in total assets, a reflection of their acceptance as an investment option in addition to futures or options and as part of a broader asset allocation strategy. In the Asia-Pacific region, ETFs are gaining ground as more providers launch new products and investors begin to learn the merits of investing in them. At the rate it is growing, the Asian ETF market may soon overtake Europe. However, while equity and futures markets in developed and emerging nations have been intensively investigated, in the research on volumereturn relationship few can be found for ETF markets in the Asia-Pacific region. Therefore, this study chooses Taiwan, one of the most prominent emerging economies, to examine the volume-return relationship of its ETF market while the volumereturn relationship of its equity market is also examined as a comparison. These comparative examinations not only test various hypotheses for the volume-return relationship further but also provide insight into the information structure and dissemination of ETF and equity markets, aiding in a better performance of investment management and in a valuable reference for market reforms.
In Taiwan, short sales of ETFs differ from those of general equities in two ways: (1) short selling on ETFs is levied by a lower transaction tax of 0.1% than that of 0.3% levied on general shares; (2) while those general shares are constrained by the shortsale restriction, which requires short sales to take place at the price no lower than the previous day's closing price, ETFs are exempted from this local uptick rule. However, the short selling of ETFs is still regulated by the general short-sale margin requirement, which is 90% of the trade value compared to a lower margin requirement 40% for the margin buying. Therefore, the costly short-sale hypothesis would first of all predict an obviously positive asymmetric volume-return relationship in Taiwan's equity market and a less positive asymmetric volume-return relationship in the ETF market. Secondly, since the short-sale uptick rule levied on the equity market is eliminated progressively since May 16, 2005 to an entire elimination on September 23, 2013, the costly shortsale hypothesis would predict a diminish in this positive asymmetry in equity's volume-return relationship with the gradual elimination of the short-sale restriction. To verify this prediction, I partition the equity data period to three sub periods which are pre-eliminated (June 30, 2003 September 18, 2013) , and entirely-eliminated (September 23, 2013 to December 31, 2014) periods to observe any change in equity's volume-return relationship. Moreover, in terms of the viewpoints of the later information models, i.e. the dispersionof-beliefs or the dispersion-of-information models, as Taiwan's ETFs are not constrained by the shortsale restriction and are not so costly when short selling compared with the equities, a negative asymmetry would possibly be observed in their volume-return relationship since these models predict that price declines add to greater dispersion of beliefs and larger abnormal volume on negative returns when there is no short-sale restriction. Finally, both the MDH and the later information models would predict a significant contemporaneous correlation between volume and signed returns for both ETF and equity markets. In general, the above predictions are verified by a comparative investigation into the ETF and equity's volumereturn relationships.
The empirical results reveal a highly significant contemporaneous volume-signed return relationship in both the ETF and equity markets, indicating that neither the MDH nor the later information models can be rejected. The results also show that the significant contemporaneous volume-signed return relationships in the equity market exhibit a positive asymmetry and this asymmetry declines with the elimination of the short-sale restriction, indicating that the costly short-sale hypothesis cannot be rejected either. The prediction of negative asymmetries in ETF's volume-return correlation is also confirmed, indicating that the later information models can explain some of the observed volumereturn regularities. Moreover, the magnitude of the correlations of volume associated with either direction of returns is stronger for ETFs than for equities and the magnitude of these correlations for equities grows with the gradual elimination of the short-sale uptick rule, indicating the influence of the short-sale restriction. Nevertheless, since in the entirely-eliminated period, the magnitude of volume-return correlations associated with both directions of returns for equities is still weaker than that for ETFs, some factors like transaction costs or the product characteristic per se, other than shortsale restrictions, should affect the volume-return relationship. Therefore, the recent initiatives concerning market reforms, like the reduction of transaction costs, are critical to the enhancement of the market momentum.
The remainder of this paper is organized as follows. Section 1 presents the model specifications and their estimation. Section 2 describes the data and summary statistics. Section 3 provides the empirical results and their discussion. Final section presents the concluding remarks.
Model specification and estimation
Contemporaneous correlation between volume and signed returns provides a measure to evaluate the asymmetric relationship in financial markets. Conventional practice estimates this correlation by directly regressing volume against signed returns to observe volume-return connection and its asymmetry. Comprehensively considering the models specified in Puri and Philippatos (2008) and He et al. (2014) , I construct a model as equation (1) to provide direct measures for the contemporaneous correlations of volume with both the negative and non-negative returns. By introducing a dummy variable, D t , in equation (1), a measure of asymmetric volume response to signed returns is also obtained.
V t is the trade volume in the trading day t. In this study, the natural logarithms of share and dollar turnovers, called log share volume and log dollar volume respectively, are used as the trade volume. SR t , calculated by log price change 100% × log (P t /P t-1 ), is the signed return over the trading day t where P t is the price at time t and so forth. D t is a dummy variable for the trading day t that equals one for negative returns and zero for non-negative returns.
Intercept c, coefficients a, b, and γ are parameters of the regression. This structure allows us to investigate the connections between volume and either direction of returns as measured by the slope estimates b for the non-negative and (b + γ) for the negative returns, respectively. If both the coefficients, b and γ, are significant, the volumereturn relationship is asymmetric.
The theoretical foundation of the specification in equation (1) is consistent with the MDH and the later information models. In the MDH, an exogenous common mixing variable moves both volume and returns, leading to contemporaneous volume-return correlations. In the dispersion-of beliefs model, uninformed traders react not only to the price changes but also to the changes in volume as if these changes reflect information, leading to a greater dispersion of beliefs and the subsequent contemporaneous volume-return correlations. Similarly, in the dispersion-of-information model, both volume and the contemporaneous price convey information to the market and thus they must be correlated. All these models provide justification for a contemporaneous relationship between volume and returns, whereas the later information models further provide alternative explanation for the asymmetric feature observed in the volume-return relationship.
I use the ordinary least squares (OLS) method, the general autoregressive conditional heteroskedasticity (GARCH) model, and the quantile regression method to estimate equation (1) . The OLS method estimates parameters by minimizing the sum of squared errors and then obtains results that are approximations to the mean function of the conditional distribution of the dependent variable. Since autocorrelation, heteroskedasticity, and volatility clustering are commonly present in financial time-series data, I use GARCH (1,1) model to remedy these problems and hence set the conditional error (ε t ) distribution and the conditional variance (h t ) equation of the errors as equation (2) and (3), respectively.
Moreover, since the conventional OLS method only addresses the conditional mean or the central effects of the covariates, i.e. the "average" behavior of a distribution, this method is incapable of characterizing the entire conditional distribution of the outcome variable. Consequently, I use the quantile regression method, proposed by Koenker and Bassett (1978) , to assess the covariate effects at various quantiles of the outcome so as to quantify the entire conditional distribution of the outcome variable. In particular, this method can model the lower to higher quantiles of the outcome to give an overall assessment of covariate effects across various quantiles. For instance, in this study, each volume series, i.e. the outcome variable in equation (1) , is specified by 21 quantiles, which are 0.01, 0.05, 0.10, 0.15,…, 0.85, 0.90, 0.95, 0.99, and hence 21 covariate effects (the volume-return correlations) for the respective 21 quantiles can be evaluated and compared to exhibit a clearer picture of the volumereturn behavior. In addition, since it does not require strong distribution assumptions, the quantile regression offers a distributionally robust method for relationship modeling. Performing the quantile regression, I use the bootstrapping technique to estimate coefficient covariance and standard errors, which, according to Rogers (1992) , is less sensitive to heteroskedasticity.
Data and summary statistics
The first ETF in Taiwan's market, launched on June 30, 2003, is the Yuanta/P-shares Taiwan Top 50 ETF (Taiwan 50 ETF, code: ETF_0050). Of the 14 ETFs investing in domestic equities listed on the Taiwan Stock Exchange Corporation (TWSE), Taiwan 50 ETF not only has the longest trade history but also is traded sustainably with the highest turnover (see Figure 1 using 2014 data as an example). Its yearly dollar turnover has grown from 79 NT$ billion to a record high of 284 NT$ billion in 2011 and sustainably accounts for more than 85% of the entire ETF market dollar turnover (see Figure  2 ). Therefore, I use data on the Taiwan 50 ETF share turnover, dollar turnover, and sign returns to explore the volume-return relationship in Taiwan's ETF market.
For a comparison base, I also assess the volumereturn relationship of Taiwan's equity market by using the transaction data on the Taiwan Stock Exchange Capitalization Weighted Stock Index (TAIEX). The data period for both the ETF and equity index spans from June 30, 2003 to June 30, 2015, amounting to 2981 observations on a daily basis. Moreover, while the short selling of Taiwan's ETFs is exempted from the uptick rule, the shortsale uptick rule levied on the equity market is present but eliminated progressively over the data period. Consequently, I partition the TAIEX data period to three sub periods: the pre-eliminated period, the partly-eliminated period, and the entirely-eliminated period to examine any change in TAIEX's volume-return connection with the phased elimination of the short-sale restriction. The daily volume and return data are obtained from the Taiwan Economic Journal (TEJ) database. Table 1 presents the descriptive statistics for the full sample of the daily volume and return data for both the ETF and TAIEX. The descriptive statistics for the three sub periods of the equity index are presented in Table 2 to observe the differences among them. The descriptive statistics show that the probability density functions of volume for the ETF are left skewed (negative skewed), and those for the equity index are from right skewed (positive skewed) in the pre-and partly-eliminated periods to left skewed in the entirely-eliminated period. As for the return series, the density functions for both the ETF and TAIEX are left skewed and leptokurtic, similar to those found in the past literature. The leptokurtosis of the return series indicates that the return data points are clustered around the mean, resulting in a high peak and fat tails of the distribution shape. Augmented Dickey-Fuller (ADF) test and Phillips-Perron (PP) test are used to perform the unit root test for the data series. The ADF and PP test results in Tables 1 and 2 suggest that the null hypothesis can be rejected at any level of significance for all the volume and return series, thereby indicating that all the series are stationary. 
Empirical results and discussion
Three methods are used to estimate equation (1). Each method has eight estimation results since four data periods need to be estimated and two volume series, share and dollar volume, need to be considered in each period. Tables 3 and 4 present the OLS and GARCH estimates, respectively. Table  5 presents the quantile regression results for Taiwan 50 ETF in the full-sample period. The quantile regression results for TAIEX in the three sub periods (pre-eliminated, partly-eliminated, and entirely-eliminated data periods) are presented in Tables 6 to 8 , respectively. Regarding the volumereturn relationship, the ETF and the three sub-period TAIEX results are compared to find the difference between them or the change in TAIEX itself induced by the elimination of the short-sale restriction.
Estimates from equation (1) provide measures not only for the autocorrelation of volume series but also for the correlations between volume and either direction of returns. Slope a, reported in each of Tables 3 to 8 , reflects the autocorrelation degree of volume series. To compare this autocorrelation across different volume quantiles and across the ETF and TAIEX's three sub periods, Figure 3 graphically presents the slope a estimates for the four data periods by the quantile regression method. Slope b is observed for the correlation between (1).
Extensive studies on equity markets identify a positive contemporaneous correlation between volume and signed returns, implying an asymmetry in the volume-signed return relationship (Karpoff, 1987) . In this study, the significance of the two slope estimates, b and γ, is synthetically observed to preliminarily confirm the presence of the asymmetry in the volume-signed return sample. indicates a positive asymmetric relationship between volume and signed returns, as the old adage describes: "volume is much heavier in bull markets than in bear markets". On the contrary, a negative b + (b + γ) indicates a negative asymmetric relationship between volume and signed returns where the volume on negative returns is greater than that on non-negative returns.
Autocorrelation of volume series.
Coefficient a measures the autocorrelation degree of volume series. All the estimates of a from the three estimation methods are statistically significant at 1%, indicating a strong autocorrelation in each volume series for both the ETF and the equity index (TAIEX). Several inferences can be drawn from the estimates. Firstly, the autocorrelations for TAIEX volume series are mostly stronger than those for the ETF volume series (see Tables 3 to 8 and Figure 3 ). Secondly, the quantile regression results for all the ETF, TAIEX in the pre-eliminated period and TAIEX's dollar volume in the entirely-eliminated period show that the autocorrelation degree diminishes with the rise of volume quantile, e.g. the autocorrelation of dollar volume for the ETF decreases from 0.752 at quantile 0.01 to 0.462 at quantile 0.99. The results imply that when volume is at a higher level, it is less affected by the volume of the former period. Thirdly, with the elimination of the short-sale restriction, the autocorrelation of TAIEX volume series averagely weakens (see Tables 3, 4 , 6, 7, and 8 and Figure 3 ). For instance, the autocorrelation of TAIEX's dollar volume, estimated from the GARCH method, declines from 0.841 to a low of 0.674. Overall, the inferences above indicate that the trading volume for both the ETF and TAIEX is highly correlated to its formerperiod volume, yet this correlation declines as the volume level climbs and with the elimination of the short-sale restriction.
Contemporaneous volume-signed return relationship.
Coefficient b is used to measure the contemporaneous correlation between volume and non-negative returns, and coefficients b + γ are used to measure the correlation between volume and negative returns. All the estimates of b and γ for the ETF are statistically significant at 1%, indicating a strong contemporaneous relationship between ETF volume and signed returns (see Tables 3 to 5 ). In the case of TAIEX, all the estimates of b and γ in the three sub periods by OLS and GARCH estimation methods are also statistically significant at 1%, indicating a strong contemporaneous relationship between TAIEX volume and signed returns (see Tables 3 and 4 ). As for the TAIEX results from the quantile regression method, nearly all the estimates of b and γ for all the three sub periods across various volume quantiles are highly significant except some estimates for the lower or higher quantiles in pre-and entirely-eliminated sub periods (see Tables 6 to 8 ).
Overall, the results above indicate that the trading volume for both the ETF and TAIEX is highly correlated to either direction of returns, implying that the MDH cannot be rejected. Since the rationale of the later information models also infers a contemporaneous volume-return correlation, these models cannot be rejected either.
The slope coefficients associated with negative returns, b + γ, are commonly negative for all the ETF results. In the case of TAIEX, the estimates b + γ are basically negative with a few exceptions. These exceptions include the result from the GARCH method for the case of dollar volume on negative returns in the pre-eliminated period and some results from the quantile regression method for both volumes on negative returns at the lower quantiles 0.01 to 0.35 in the pre-eliminated period. The exceptions at the lower volume quantiles may suggest that the short-sale restriction restrain the volume at a lower level from reacting to the negative information, or that the uninformed traders, who do not know the signal precision and are conditioned on the additional information in lowerlevel volume, decide not to react too actively to a signal, an implication drawn by the later information models. The evidence that the correlations between volumes and negative returns become particularly strong at the highest volume quantile 0.99 in the pre-eliminated period cooperates with the latter suggestion mentioned above and hence lends support to the later information models. The models assert that the uninformed traders look for additional information in volume when they make trade decisions and that a price decline adds to greater dispersion of beliefs or the underlying information signal and thus results in larger abnormal volume on return changes. The distributions of ETF correlations of volume with either direction of returns across quantiles provide another support for the above inference.
Moreover, the magnitude of b + γ is greater for the ETF than for TAIEX and the magnitude of this value for TAIEX grows with the gradual elimination of the short-sale uptick rule (see Tables 3 to 8 and Figures 4 and 5) , indicating the influence of the short-sale restriction on the correlation of volume to negative returns in another way and suggesting that the elimination of the short-sale restriction may link the volume and negative returns closer. The slope coefficient associated with non-negative returns, b, is all positive for both the ETF and TAIEX (those which are not positive are not statistically significant and therefore are not considered), yet is stronger for the ETF than for TAIEX. In particular, the coefficient b's value is greater for the ETF, although this value for TAIEX attains its highest in the entirely-eliminated period, indicating that the elimination of the short-sale restriction magnifies the connection of volume not only to negative returns but also to non-negative returns. The costly short-sale restriction seems to affect the contemporaneous correlations of volume associated with not only negative but also nonnegative returns. However, even in the entirely-eliminated period, the magnitude of volume-return correlations for both directions of returns is still weaker than that for the ETF, indicating that other than short-sale restrictions, some factors like transaction costs or the product characteristic per se may affect the volume-return relationship. Consequently, the recent initiatives concerning market reforms, such as the reduction of transaction costs, are necessary to enhance the market momentum.
Asymmetry in the volume-signed return relationship.
In this study, the asymmetric effect for the volume-signed return relationship is firstly confirmed by the significance of coefficient γ. Since the estimates of γ are statistically significant for all the ETF and for nearly all the TAIEX results, the presence of asymmetry in volume-signed return relationship for both the ETF and TAIEX is confirmed. The asymmetric measure b + (b + γ) is then calculated to ascertain both the direction (negative or positive) and magnitude of the asymmetry. In the case of the ETF, the asymmetric measure b + (b + γ) estimated from the OLS and GARCH methods is negative for three of the four results, whereas from the quantile regression method this measure is negative for 22 of the 42 results. Such results show that the negative and positive asymmetries are simultaneously present in the ETF volume-signed return relationship, yet the negative accounts for a slightly higher proportion. Such asymmetric effect for the ETF is different not only from the traditionally observed effect in equity markets but also from the positive asymmetric effect for TAIEX observed in the study described as follows. In general, the part of slightly positive asymmetric volume-return relationship in the ETF market does not contradict the prediction of the costly short-sale hypothesis, indicating that this hypothesis cannot be rejected. Nevertheless, the part of slightly negative asymmetric volume-return relationship in the ETF market does not contradict the prediction of the later information models either and hence lends support to these models as possible explanations for the asymmetric volume-return relationship observed in the ETF market.
In the case of TAIEX, all the asymmetric measure b + (b + γ) estimates from OLS and GARCH methods are positive, indicating a primarily positive asymmetric effect as predicted by the costly shortsale hypothesis and as traditionally observed in equity markets. With the elimination of the shortsale uptick rule, the asymmetric value diminishes (e.g. from 0.118 to 0.049 in the GARCH results for dollar volume on returns). As for the quantile regression results, TAIEX's volume-signed return relationship in the pre-eliminated period exhibits a consistently positive asymmetry except the results at quantile 0.99. The exceptions, i.e. the extremely negative asymmetric volume-signed return relationship at quantile 0.99 for TAIEX in the preeliminated period, corroborate the perspectives of the later information models, which emphasize the role of volume to the uninformed traders and suggest that volume behaves a convex function of price and that price declines add to greater dispersion of beliefs and larger abnormal volume on negative returns (a negative asymmetric volumesigned return relationship). TAIEX's volume-signed return relationship in the partly-eliminated period also exhibits a consistently positive asymmetry except the result for the share volume on returns at quantile 0.01 and 0.05. As regards the entirelyeliminated period, all the asymmetric measure Figure 5 displays that the degree of asymmetry in the pre-eliminated period is greater than the degrees in the other two periods and thus demonstrate once again that with the elimination of the short-sale uptick rule, the degree of positive asymmetry diminishes. Moreover, Figures 4 and 5 synthetically show that the degree of asymmetries present in TAIEX is obviously larger than that in the ETF, consisting with the prediction of the costly short-sale hypothesis.
Overall, this study comes to an important conclusion that not a single hypothesis can be a universal explanation for the asymmetric volume-return relationship. Which hypothesis may explain the asymmetrical relationship between volume and signed returns depends on whether the short-sale restriction is present. The costly short-sale hypothesis can explain the volume-return relationship of the market with a short-sale restriction, whereas the information models can explain the volume-return relationships for the markets where the costs and restriction on long and short trading are identical. Table 3 . OLS estimates of volume-signed return correlation 
volume in the trading day t. The natural logarithm of share and dollar turnovers are used as the trade volume. SR t , calculated by log price change 100% × log (P t /P t-1 ), is the signed return over the trading day t where P t is the price at time t and so forth. D t is a dummy variable for the trading day t that equals one for negative returns and zero for non-negative returns. Intercept c, coefficients a, b, and γ are parameters of the regression. The slope estimates b measure the correlation of volume associated with non-negative returns and (b + γ) measure the correlation of volume associated with negative returns. If both the coefficients, b and γ, are significant, the volume-return correlation is asymmetric. The asymmetry is evaluated by b + (b + γ). 
. V t is the trade volume in the trading day t. The natural logarithm of share and dollar turnovers are used as the trade volume. SR t , calculated by log price change 100% × log (P t /P t-1 ), is the signed return over the trading day t where P t is the price at time t and so forth. D t is a dummy variable for the trading day t that equals one for negative returns and zero for non-negative returns. Intercept c, Notes: Those in parentheses are t-statistics for the intercept and the coefficients estimates. *, ** and *** indicates significance at the 10%, 5% and 1% levels, respectively. 
Fig. 5. Quantile regression estimates of volume-signed return correlation for TAIEX in three sub periods

Conclusion
It has been intensively argued over the ground for the strong empirical link between volume and signed returns in various financial markets. While previous studies on volume-signed return relationship generally focus on one single financial instrument and hence obtain inferences that are limited or unilateral, this study simultaneously examines the ETF and equity's volume-return connections so as to acquire crossproduct evidence to objectively evaluate various competing hypotheses for explaining the volumereturn phenomenon. The differences in the transaction costs and in the applicability to the short-sale restriction between Taiwan's ETFs and equities provide an appropriate framework to test the various hypotheses for volume-return relationship. Three classified hypotheses are examined in this study to explain volume-signed return relationship. Firstly, the costly short-sale hypothesis considers the short-sale restriction and asymmetric transaction costs on long and short trading to be the source of the asymmetric volume-return relationship in most equity markets and hence predicts an obviously positive asymmetric volume-return relationship in Taiwan's equities and a less positive asymmetric one in Taiwan's ETFs. This hypothesis also predicts that the asymmetry in equities may diminish with the gradual elimination of the short-sale restriction. Secondly, the MDH considers volume and returns to be commonly driven by an exogenous mixing variable and hence predicts a significant contemporaneous volume-signed return correlation for both the ETF and equity index. Thirdly, the trader heterogeneity hypothesis considers uninformed traders to be the source of volumereturn correlations and suggests that a price decline adds to greater dispersion of beliefs or the underlying information signal, resulting in larger abnormal volume on negative returns and hence predicts a likely negative asymmetric volume-return relationship in Taiwan's ETFs.
The empirical results show that volume strongly correlates to either direction of returns for both the ETF and the equity index, concluding that the MDH cannot be rejected. The strong contemporaneous volume-return correlations are also consistent with the arguments of the later information models, which regard the cotemporaneous relationship as a result of the uninformed traders' simultaneous reaction to the changes in volume and returns. For both the ETF and the equity index in the preeliminated period, the later information models can further explain the upward trend in the correlation magnitude with the grow of volume quantiles. The evidences that the magnitude of the correlations of volume associated with either direction of returns is stronger for the ETF than for TAIEX and that the magnitude of these correlations for TAIEX grows with the gradual elimination of the short-sale uptick rule indicate that the costly short-sale hypothesis cannot be rejected either.
Finally, significant asymmetries are found in the contemporaneous volume-return correlations for the ETF and the equity index in which the ETF display a mixed, negative or positive, asymmetry and the equity index exhibits primarily a positive asymmetry. The evidence that the contemporaneous volume-return correlations for TAIEX are positively asymmetric and decline with the elimination of the short-sale restriction indicates that the costly short-sale hypothesis cannot be rejected. The part of a less positive asymmetric volume-return relationship in the ETF is also consistent with what the costly short-sale hypothesis predicts, whereas the part of a slightly negative asymmetric volume-return relationship in the ETF is consistent with the prediction of the later information models. Hence, this study concludes that not a single hypothesis can be a universal explanation for the asymmetric volume-return relationship. Which hypothesis may explain the asymmetrical volume-signed return relationship depends on whether the short-sale restriction is present. The costly short-sale hypothesis can explain the volume-return relationship of the market with a short-sale restriction, whereas the information models can explain the relationships for the markets where the costs and restriction on long and short trading are nearly or completely symmetric.
